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Description 

[0001] This invention relates to the recovery of 
dimethylterephthalate (DMT) from a methanolysis reac- 
tor that uses excess methanol vapor to remove DMT 

from the methanolysis reaction mass. 

Background of the Invention 

[0002] In low pressure methanolysis processes for 
the depolymerization of polyethylene terephthalate, U. 
S. Patent 5,051 ,528. a vapor stream carries the volatile 
reaction products away from the methanolysis reactor. 
The vapor stream comprises methanol, dimethyl tereph- 
thalate (DMT), methyl-2-hydroxyethyl terephthalate 
(MHET), ethylene glycol, other glycols, acelaldehyde 
and incompletely reacted polyester components. It Is 
desirable to return as much as possible of the MHET 
and incompletely reacted polyester components into the 
reactor. This Is accomplished with a fractionation device 
(rectifier) and heat exchanger (rectifier partial condens- 
er), as described in U.S. Patent 5,298,530. Subsequent 
to the depolymerization and removal of MHET and other 
incompletely reacted polyester components, it is desir- 
able to recover and purify the DMT, methanol, and gly- 
cols for subsequent use or reuse. 
[0003] Separating DMT from methanol and glycol, 
while maintaining desirable yields of DMT, is difficult be- 
cause of the reactive nature of the DMT and glycol, and 
the existence of azeotropes. A preferred way to accom- 
plish this separation is to crystallize the DMT in solution 
containing methanol prior to subsequent purification 
steps. For crystallization to be most effective, the feed 
to the crystallizer must be liquid, and the DMT concen- 
tration should be In the range of 2-40% weight to weight, 
with a preferred range of 20-40% weight to weight, and 
have a minimal amount of acetaldehyde. 
[0004] The vapor from the methanolysis reactor, rec- 
tifier, and rectifier partial condenser must be condensed 
In order to be fed to a crystallizer. The vapor must also 
be fractionated because the DMT and acetaldehyde 
concentrations are not at the preferred concentrations 
for crystallization. It is preferred to accomplish both the 
condensation and fractionation in as few devices as 
possible. 

[0005] When this condensation and fractionation was 
attempted on a laboratory scale at atmospheric pres- 
sure, and with a surface condenser, the condenser 
quickly fouled with DMT solids, rendering the system in- 
. operable. 

Brief Description of Drawings 

[0006] Figure 1 is a schematic drawing of a distillation 
column and an optional heat exchanger used in carrying 
out the process of the invention. 
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Summary of the invention 

[0007] The object of this invention is to prepare DMT 
solution for subsequent purification and crystallization 
5 and avoid fouling of the equipment by solid DMT. This 
invention achieves this objective with a method of re- 
moving dimethyl terephthalate (DMT) from a vapor 
stream containing a mixture of dimethyl terephthalate 
(DMT), methylhydroxyethyl terephthalate (MHET), gly- 
cols and methanol comprising the steps of: 

(a) providing a distillation column that i) is held un- 
der an elevated pressure of 100 to 500 kPag and a 
temperature of at least BS^'C ii) has a plurality of dis- 
tillation trays ill) has methanol liquid sprays between 
the trays Iv) has a main spray zone below the tray 
zone and v) has a liquid pool comprising methanol 
at the bottom of the column; 

(b) directing the vapor stream through an inlet noz- 
zle into the distillation column above the liquid pool 
and below the main spray zone thereby partially liq- 
uefying the vapor stream containing DMT; 

(c) directing the liquid solution away from the distil- 
lation column Into the liquid pool at the bottom of 
the distillation column; and 

(d) concurrently (i) recycling a portion of the liquid 
pool back into the distillation column as a spray in 
the column above the vapor stream inlet, thereby 
preventing build up of solid DMT on column surfac- 
es, and (II) pumping a portion of the liquid pool con- 
taining DMT away from the bottom of the condenser 
for further purification. 

[0008] In addition to achieving the above objective the 
invention provides additional advantages of heat econ- 
omy, methanol purification suitable for reuse, prepara- 
tion of a liquid solution of DMT suitable for subsequent 
purification and crystallization, and the removal of low 
boiling impurities such as acetaldehyde. 

Detailed Description 

[0009] The following is a detailed description of a rep- 
resentative embodiment of the method of this invention. 
In the sole Figure there are a heat exchanger 1 and a 
distillation column 2. The use of the heat exchanger is 
optional. It is not essential to the process. The Figure is 
a schematic representation of these well known devic- 
es. Conventional equipment such as pumps, valves, 
surge drums and the like have been omitted. Use of the 
latter devices In the schematically described equipment 
is within the skill of those trained in this art. 
[0010] A vapor stream comprising a mixture of excess 
methanol, dimethyl terephthalate (DMT), methyl-2-hy- 
droxy ethyl terephthalate (MHET) and glycols is directed 
into, the heat exchanger through line 14. The vapor 
stream carries the reaction products from a low pressure 
methanolysis reactor. Methanolysis Is a process for the 
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depolymerlzation of polyethylene lerephthalate. 
[0011] It is necessary to condense the DMT. MHET, 
glycols and other Impurities from the vapor stream into 
methanol solution, prior to crystallization and subse- 
quent purification of DMT. MHET and other glycols. 
Crystallization requires the DMT be dissolved in the 
methanol and be at a certain concentration of about 2 
to 60%, preferrably 2 to 40% weight percent. We have 
found 20 to 40% weight percent to be particularly useful. 
[001 2] It is also desirable to separate and simultane- 
ously purify the excess methanol in the vapor stream 
from the methanolysis reactor. The methanol is suitable 
for reuse in the methanolysis process. 
[0013] The optional heat exchanger 1 is constructed 
according to conventional chemical engineering prac- 
tice and design for this field. The heat exchanger 1 uses 
a heat exchange fluid that is supplied at a temperature 
above the freezing point of the vapor stream mixture and 
cold enough to partially condense the vapor The heat 
exchange fluid has a temperature at the point it enters 
the heat exchanger through line 1 5 that is (a) above the 
freezing point of DMT and (b) low enough to partially 
condense the vapor stream. Thus, much of the DMT is 
condensed avoiding any freezing and fouling of the heat 
exchanger. The selected heat exchange fluid is pumped 
into the heat exchanger through lines 15. The fluid cir- 
culates around the interior of the exchanger for a suffi- 
cient time to establish the desired cooling or condensa- 
tion temperature according to well known design and ex- 
its from the heat exchanger through line 16. Suitable 
heat exchanger fluids include water, and organic heat 
transfer fluids such as Therminol, p-cymene, dowtherm, 
paratherm and syltherm. 

[0014] The heat exchanger partially condenses the 
vapor stream. The resulting condensate is comprised of 
dissolved DMT, MHET and glycols. Also, there is some 
DMT remaining in the vapor state. Most of the methanol 
remains in the vapor state. The condensate and remain- 
ing vapor drains into the distillation column 2 through 
line 3. Distillation column 2 contains a liquid pool 19 
comprising methanol, a plurality of distillation trays in 
tray zone 20, methanol liquid sprays 18 between the 
trays and a spray zone 17 below the trays. 
[001 5] The heat exchanger is oriented so that the con- 
densate and vapor mixtures can freely drain into the bot- 
tom of distillation column 2. The heat exchange fluid is 
supplied to the heat exchanger at a high enough tem- 
perature so that the condensate and vapor mixtures in 
line 3 do not freeze. Also, the heat exchange fluid is 
maintained at low enough temperatures so that the va- 
pors cool and at least partially condense. 
[0016] The design of distillation column 2 also follows 
conventional chemical engineering practice. It includes 
about 10 theoretical plates. The column may use con- 
ventional distillation trays, or may be packed with ras- 
chig rings, wire mesh or other distillation tower packing 
materials. Trays are preferred. Special precautions 
need to be taken in operating the column in order to pre- 



vent the trays from becoming dry, which would prevent 
the column from operating properly. The distillation col- 
umn includes reflux line 12, and line 11 connected to a 
heat exchanger. 

s [0017] Pressure inside of the distillation column 2 is 
maintained high enough to maintain a temperature suf- 
ficient to keep DMT in solution in the liquid pool 19, at 
the bottom of the distillation column 2. The combination 
of pressure and temperature prevent the formation of 

10 solids in the liquid pool. To prevent the formation of DMT 
solids, the pressure should be maintained in the range 
of 100 to 500 kPag and sufficient to maintain a temper- 
ature of at least 85°C. Preferred temperatures are 85°C 
to 127°C, although temperatures above this range will 
work. The DMT saturated condensate is pumped from 
the distillation column 2 through lines 4 and 5 to appa- 
ratus in which DMT is subjected to further purification, 
preferably a crystallizer. 

[0018] As mentioned previously, the stream 3 which 

20 issues from the heat exchanger also contains DMT va- 
pors and methanol vapors. These DMT vapors will so- 
lidify on any dry surfaces which are below the freezing 
point temperature of DMT In order to condense the DMT 
vapors, it is necessary to subject them to temperatures 

25 below the freezing point. Without special measures to 
prevent dry surfaces, this would ultimately foul the dis- 
tillation column, similarly to the results observed in the 
laboratory surface exchanger. To avoid this, a portion of 
the DMT saturated condensate pumped from the col- 

30 umn through lines 4 and 5 is recycled through line 6 into 
the distillation column as a spray. The spray is directed 
against the internal walls of the distillation column to pre- 
vent DMT vapors from encountering dry surfaces. In ad- 
dition to this, methanol sprays, 18. are provided be- 

35 tween the trays in the trayed section of the distillation 
column. These sprays are directed against all surfaces 
including the bottom of the trays and downcomers there- 
by preventing DMT from encountering any dry surfaces, 
and fouling the apparatus. 

40 [0019] In the distillation column 2, methanol vapors 
are distilled away from the liquid entering the distillation 
column through line 3. The methanol vapor rises to the 
top of the column through the tray zone where it passes 
through to a heat exchanger through line 1 1 . The meth- 

45 anol is condensed and is returned through the line 1 2 to 
the distillation column. The methanol is then pumped out 
of the column through line 9. Low boiling point impuri- 
ties, such as acetaldehyde are concentrated and re- . 
moved through line 10. The remaining methanol thus 

50 purified, is available for reuse in the methanolysis proc- 
ess or other processes in which methanol is useful. 
[0020] The distillation column 2 can also be used to 
purify a stream containing methanol originating in other 
parts of a manufacturing facility. Such other methanol 

55 streams can be pumped into the column through, for ex- 
ample, lines 7 and 8. where they vaporize and rise to 
the top of the column along with the methanol which en- 
tered through line 3, The methanol is condensed, and 
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pumped out through line 9. Non-condensable gases are 
removed from the system through line 13. 



Claims 

1, A method of removing dimethyl terephthalate 
(DMT) from a vapor stream containing a mixture of 
dimethyl terephthalate (DMT), methylhydroxyethyl 
terephthalate (MHET). glycols and methanol com- 
prising the steps of: 

(a) providing a distillation column that (i) is held 
under an elevated pressure of 1 00 to 500 kPag 
and a temperature of at least 85oC (ii) has a 
plurality of distillation trays (iii) has methanol 
liquid sprays between the trays (Iv) has a main 
spray zone below the tray zone and (v) has a 
liquid pool comprising methanol at the bottom 
of the column; 

b) directing the vapor stream through an inlet 
nozzle into the distillation column above the liq- 
uid pool and below the main spray zone thereby 
partially liquefying the vapor stream containing 
DMT; 

(c) directing the liquid solution away from the 
distillation column into the liquid pool at the bot- 
tom of the distillation column; and 

(d) concurrently (i) recycling a portion of the liq- 
uid pool back into the distillation column as a 
spray in the column above the vapor stream in- 
let, thereby preventing build up of solid DMT on 
column surfaces; and (ii) pumping a portion of 
the liquid pool containing DMT away from the 
bottom of the condenser for further purification. 

• 

2; A method according to claim 1 wherein the vapor 
stream is fed into a heat exchanger prior to being 
directed into the distillation column; wherein a heat 
exchanging fluid has a temperature at the point it 
enters the heat exchanger that is (a) above the 
freezing point of DMT and (b) low enough to partially 
condense the vapor stream. 

3. The method according to claim 1 wherein methanol 
is removed from the tray section of the distillation 
column at a rate sufficient to maintain a DMT con- 
centration in the liquid pool of 20 to 40% weight to 
weight. 

4. The method according to claim 1 wherein the meth- 
anol liquid spray between the trays comprises 
methanol liquid from other processing facilities in a 
manufacturing facility. 

5. The method according to claim 4 wherein the meth- 
anol liquid spray contains DMT 



6. The method according to claim 3 wherein the col- 
umn pressure is adjusted in combination with re- 
moval of methanol to maintain the desired concen- 
tration of DMT in the liquid pool. 

5 

Patentanspruche 

1 . Verfahren zu r Entf ernung von Dimethy Iterephthalat 
10 (DMT) aus einem Dampfstrom, der eine Mischung 

aus Dimethylterephthalat (DMT), Methylhydroxye- 
thylterephthalat (MHET), Glykolen und Methanol 
enthalt, mit den Stufen: 

15 (a) Bereitstellung einer Destillationskolonne, 

die (i) bei einem erhohten Druck von 100 bis 
500 kPag und einer Temperatur von minde- 
stens 85*^0 gehalten wird, (ii) eine Vielzahl von 
Destillatlonsbdden aufweist, (iii) Methanol- 

^0 Flussigkeits-Sprays zwischen den Boden auf- 

weist, (iv) eine Haupt-Spruhzone unterhalb der 
Bodenzone hat, und (v) einen Flussigkeits- 
Sumpf mit Methanol am Boden der Kolonne 
aufweist; 

25 

(b) Dirigieren des Dampfstromes durch eine 
EinlaBdOse in die Destillationskolonne Ober 

dem Flussigkeits-Sumpf und unterhalb der 
Haupt-Spray-Zone, wodurch der Dampfstrom, 
30 enthaltend DMT, teilweise verflussigt wird; 

(c) Dirigieren der Flussigkeitslosung weg von 
der Destillationskolonne in den FIQssigkeits- 

. Sumpf am Boden der Destillationskolonne; und 

35 . ■ 

(d) gleichzeitig (i) Recyclisieren eines Teiles 
des Flussigkeits-Sumpfes zurOck zur Destilla- 
tionskolonne als Spray in der Kolonne Ober 
dem Dampfstrom-Einla3. wodurch der Aufbau 

40 von festem DMT an Kolonnenoberflachen ver- 

mieden wird; und (ii) Pumpen eines Anteiles 
des Flussigkeits-Sumpfes, enthaltend DMT, 
fort vom Boden des Kondensators zum Zwecke 
einer weiteren Reinigung. 

45 

2. Verfahren nach Anspruch 1 , bei dem der Dampfst- 
rom vor Einleitung in die Destillationskolonne in ei- 
nen Warmeaustauscher gefuhrt wird; in dem eine 
Warmeaustausch-FIOssigkeit eine Temperatur an 

so dem Punkt, an dem sie in den Warmeaustauscher 
eintritt, aufweist, die (a) Ober dem Gefrierpunkl von 
DMT liegt, und (b) niedrig genug ist, um den 
Dampfstrom teilweise zu kondensteren. 

S5 3. Verfahren nach Anspruch 1 , in dem Methanol von 
dem Bodenabschnitt der Destillationskolonne mit 
einer Geschwindigkeit abgezogen wird, die aus- 
reicht, um eine DMT-Konzentration in dem Flussig- 
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keits-Sumpf von 20 bis 40 Gew.-% aufrechtzuerhal- 
ten. 

4. Verfahren nach Anspruch 1 , bei dem der Methanol- 

FIQssigkeits-Spray zwischen den Boden Methanol- 5 
Flussigkeit von anderen ProzeB-Einrichtungen in 
einer Herstellungs-Aniage unnfaBt. 

5. Verfahren nach Anspruch 4, in dem der Methanol- 
FIQssigkeits-Spray DMT enthalt. 

6. Verfahren nach Anspruch 3, in dem der Kolonnen- 
druck eingestellt wird in Kombination mit der Entfer- 
nung von Methanol, um die gewunschte Konzentra- 
tion an DMT in dem Flussigkeits-Sumpf auf rechlzu- 
erhalten. 



Revendications 

20 

1. Procede d'elimination du terephtalate de dimethyle 
(DMT) d'un flux de vapeur contenanl un melange 
de terephtalate de dimethyle (DMT), de terephtala- 
te de methylhydroxy^thyle (MHET), de glycols etde 
methanol, ledit procede comprenant les etapes 2S 
sutvantes : 

(a) former une colonne de distillation qui (i) est 
maintenue ^ une pression elev6e de 1 00 ^ 500 
kPag et ^ une temperature d'au moins 85''C, 30 
(ii) comprend une plurality de plateaux de dis- 
tillation, (ill) comprend des dispositifs de pulve- 
risation de methanol llquide entre les plateaux, 

(iv) comprend une zone de pulverisation prin- 
cipale situee en-dessous de la zone des pla- 3S 
teaux et (v) comporte un reservoir de methanol 
llquide situe au fond de la colonne ; 

(b) diriger !e flux de vapeur par une buse d'ar- 
rivde dans la colonne de distillation situee au* 
dessus du reservoir de liquide et en-dessous 40 
de la zone de pulverisation pnncipale, ce que 
liquefie partiellement le flux de vapeur conte- 
nant le DMT ; 

(c) eloigner la solution liquide de la colonne de 
distillation pour la diriger vers le reservoir de Ii- 45 
quide situe au fond de la colonne de distillation, 

et 

(d) simultan^ment (i) recycler une partie du li- 
quide du reservoir k nouveau dans la colonne 

de distillation par pulverisation dans la colonne so 
au-dessus de Tarriv^e du flux de vapeur, ce qui 
evite I'accumulation de DMT solide sur les sur- 
faces de la colonne et (ii) pomper une partie du 
liquide du reservoir contenant le DMT par le 
fond du condenseur pour le purifier ulterieure- ss 
ment. 



introduit le flux de vapeur dans un echangeur de 
chaleur avant de le diriger vers la colonne de dis- 
tillation, dans iequel le fluide de I'echangeur de cha- 
leur, k I'endroit ou il penetre dans I'echangeur de 
chaleur, a une temperature qui est (a) au-dessus du 
point de congelation du DMT et (b) suffisamment 
basse pour condenser partiellement le flux de va- 
peur. 

3. Procede selon la revendication 1, dans Iequel on 
eiimine le methanol de la section a plateaux de ia 
colonne de distillation k une Vitesse suffisante pour 
maintenir une concentration en DMT dans le reser- 
voir de liquide de 20 h 40% en poids. 

4. Procede selon la revendication 1 , dans Iequel le dis- 
positif de pulverisation de methanol liquide situe en- 
tre les plateaux comprend du methanol liquide pro- 
venant d'autres installations de traitement d'une 
usine de fabrication. 

5. Procede selon la revendication 4, dans Iequel le 
methanol liquide pulverise contient du DMT 

6. Procede selon la revendication 3, dans Iequel la 
pression de la colonne est ajustee en combinaison 
avec I'elimination du methanol pour maintenir la 
concentration desiree en DMT dans le reservoir de 
liquide. 
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2. Procede selon la revendication 1, dans Iequel on 
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